Summary Male meiotic studies carried out on the plants of Fagopyrum acutatum (Polygonaceae) collected from the Parvati valley, Kullu district, Himachal Pradesh, India confirms the earlier chromosome reports of 2n=16 from outside of India. The presently recorded chromosome count of n=8 in pollen mother cells (PMCs) is the first ever report of a diploid cytotype for the species from India. The presently studied diploid individuals from the Parvati valley showed the presence of structural heterozygosity for reciprocal translocations. Analysis reveals that multiple associations of four to six chromosomes were noticed in 39-40% meiocytes. A few PMCs in the accession also depicted the presence of two to six univalent chromosomes which could be attributed to the hybrid nature of the taxon or due to synaptic irregularities in chromosomal pairing during meiosis. Consequent to multiple chromosomal associations and univalent chromosomes, the studied plants depicted some pollen sterility.
Fagopyrum acutatum (Lehm.) Mansf. ex. K. Hammer belongs to Polygonaceae, locally referred as Perennial buckwheat , grows as a tall perennial sparsely branched herb. The species is widely distributed in Himalayas from Bhutan, Kashmir, Myanmar, Nepal, Sikkim and Vietnam between the altitudinal ranges of 1500-3400 m. It is characterized by having triangular arrow-shaped long pointed leaves and white unisexual flowers borne on one side on the long branches of inflorescence. The herb in Himalayas is considered to be of great medicinal and economic value. A decoction prepared from its leaves is used by the locals in the treatment of snake and insect bite, inflammations, dysmennorrhoea, infections and traumatic injuries. The whole plant is anodyne, anthelmintic, antiphlogistic, carminative, febrifuge, antispasmodic and hypertensive. Besides, its leaves which are rich in rutin are eaten raw or cooked, boiled or steamed and used like spinach. Seeds containing vitamin B 6 in rich are dried and grounded into powder and the powder is used as a cereal for patients suffering from gluten allergy.
The species shows intraspecific chromosomal variability exhibiting diploid, 2n=16 (Jaretzky 1928 , Doida 1962 , triploid, 2n=24 (Chatterjee et al. 1989 ) and tetraploid, 2n=32 (Sharma and Chatterjee 1960 , Zhu et al. 1984 , Jamaguzhin and Fathutdinova 1992 cytotypes. As a part of the project to explore the cytomorphological diversity in the flowering plants of Parvati valley, Kullu district, Himachal Pradesh, India. The authors have detected some heterozygotes depicting the presence of reciprocal translocation involving four to six chromosomes. The aims of the study were to analyse in detail male meiotic course in normal and structural heterozygotes, work out the frequency of multiple chromosomal associations and study the effect of reciprocal translocations in pollen fertility.
Materials and methods
Analyzed accession (PUN 58662) of Fagopyrum acutatum collected from Parvati valley, Himachal Pradesh, India was identified by matching the accessions already deposited specimens lying in the herbaria of Department of Botany, Punjabi University, Patiala and Botanical Survey of India, Dehra Dun, and used for cytogenetical observation. The specimens were deposited in the herbarium maintained by Department of Botany, Punjabi University, Patiala, India. For male meiotic studies and microsporogenesis, young and unopened floral buds/inflorescences from wild plants were fixed in freshly prepared Carnoy s fixative (six parts of ethanol : three parts of chloroform : a part of acetic acid, v/v) for 24 h and preserved in rectified spirit in a refrigerator until use. Meiocyte preparations were made in 1% acetocarmine using standard technique. Meiocytes were examined for chromosome counts and other abnormalities at different stages of late prophase I, Metaphase I (MI), Anaphase I/II (AI/AII) and Telophase I/II (TI/TII) and sporads. Pollen fertility was estimated through stainability tests for which anthers from 15 flowers of three individuals were squashed in glycerol-acetocarmine (1 : 1) mixture. More than five preparations with nearly 500 pollen grains were observed. Well-filled pollen grains with stained nuclei and cytoplasm were scored as fertile while shriveled one and with poorly stained cytoplasm as sterile. Photomicrographs of meiocytes and pollen grains were taken from temporary preparations using a Leica Qwin imaging system and a Nikon 80i Eclipse microscope.
Results and discussion
The studied accession from Barshani (2150 m) in the Parvati valley depicted a meiotic chromosome count of n= 8 as confirmed from the presence of eight large-sized bivalents at diakinesis-MI ( Figs. 1 and 2 ) and equal chromosomes segregation at poles during AI (Fig. 3) or 16 chromosomes at mixed AI (Fig. 4) . The detailed analysis of meiotic course in the accession revealed that a good number of PMCs also showed the presence of multiple associations of chromosomes and variable number of univalents (Figs. 5-11) . On the basis of data collected on the well spread and countable chromosomes in 95 meiocytes, it has been noticed that 23 PMCs (24.21%) showed the presence of variable number of multiple associations of chromosomes (Table 1) . Besides, PMCs were found to show the presence of two to six univalent chromosomes. Further analysis of multiple associations in the meiocytes revealed that 3.16% of the chromosomes were involved in chain shaped hexavalents while 5.26% of the chromosomes constitute ring or chain shaped quadrivalents. Consequent to the presence of multiple associations coupled with univalents, the studied individuals showed low pollen sterility (11%) in the form of unstained/shriveled pollen grains (Fig. 12) . Based on x=8 (Darlington and Wylie 1956 ) the presently studied accession from the valley with a meiotic chromosome count of n=8 exists at diploid level confirming the earlier chromosome count of 2n=16 by Jaretzky (1928) from North America and Doida (1962) from Japan. Earlier chromosomal records for the species from India indicates the existence of individuals with triploid, 2n=24 (Chatterjee et al. 1989 ) and tetraploid, 2n=32 (Sharma and Chatterjee 1960) cytotypes from Eastern India. However, the tetraploid chromosome number has also been reported from China (Zhu et al. 1984) and from Russia (Jamaguzhin and Fathutdinova 1992) . The diploid plants studied presently showed the presence of multiple associations of four to six chromosomes during diakinesis/MI. Such associations of more than two chromosomes in a diploid taxon might indicate that at least partial homology of chromosomes extends to some non-homologous pairs. It is possible either due to the hybrid nature of the taxon or heterozygosity for reciprocal translocations (Singhal 1982) . Such reciprocal translocations have often been treated as an important source of intraspecific chromosomal structural polymorphism (Burnham 1956 ). Similar types of reciprocal translocations have been reported for the first time in the economically and medicinally important herb, F. acutatum. The structural heterozygosity which is a chromosomal aberration involving rearrangements between two non-homologous chromosomes produce duplications and deficiencies in the microspore units due to adjacent type 1 and type 2 orientation of multiple associations during MI. Consequently, 50% non-viable gametes are produced toward pollen side and 50% toward ovule side. Such a phenomenon of structural heteozygosity leading to some sterility of pollen grains has been reported in a number of cases namely, Chrysanthemum coronarium (Gill and Gupta 1981) , C. zawadskii (Kim et al. 2008) , Lathyrus boissieri (Ghaffari et al. 2009 ), Artemisia parviflora , Euphorbia pilosa (Saggoo and Farooq 2011) , Astragalus chlorostachys (Rana et al. 2012) , Tradescantia spathacea (Koul et al. 2013) , Saxifraga diversifolia (Kumar and Singhal 2013) , Achillea millefolium (Singhal et al. 2014) and Anemone rivularis (Kumar et al. 2015) . Complete male sterility due to reciprocal translocations has also been reported in Allium consaguineum (Gohil and Koul 1978) and Allium roylei (Sharma and Gohil 2003 , Kohli and Gohil 2011 , Kohli and Koul 2013 . Besides, structural heterozygosity has the potential to create and conserve the specific gene combinations in a taxon (Sharma and Gohil 2003) .
Occurrence of high frequency of univalents (up to six) in 15.15% of the analysed meiocytes in the studied diploid taxon of F. acutatum could be attributed to the hybrid constitution of the genome (Stebbins and Pun 1953 , Stoyanova 1970 , Singhal 1982 , Palakarcheva and Dorossiev 1992 , Krusteva 1995 , Doroszewska and Berbeć 1996 , 2000 , Legget 1998 , Trojak-Goluch and Berbeć 2003 , Kumar and Singhal 2013 . However, asynapsis/desynapsis resulting into univalent chromosomes in the present case could also originate spontaneously (Kaul and Murthy 1985 , Singh 2003 , Bala et al. 2010 , Sharma et al. 2010 , Kumar and Singhal 2011 , Ranjbar et al. 2012 or be induced by various factors such as temperature, humidity, nutrients, radiations, mutagens and chemicals influencing chromosomal pairing during meiosis I (Prakken 1943 , Ahloowalia 1969 , Sjödin 1970 , Singh et al. 1977 , Koduru and Rao 1981 , Vishnuvardhan and Lakshmi 1987 , Rao and Kumar 2003 , Kumar and Rai 2006 , 2007 , Gulfishan et al. 2010 , Avijeet et al. 2011 . The studied individuals of this medicinal herb which grows at higher altitudes in the valley where due to low temperature conditions prevailing at a time when plants enter flowering/bud stage might have been responsible for causing synaptic irregularities in chromosomes during meiosis as has been suggested earlier in R. laetus , D. angulatus (Kumar et al. and S. diversifolia (Kumar and Singhal 2013) . Consequent to reciprocal translocations coupled with high frequency of univalents, the studied accession of F. acutatum showed some reduction in pollen fertility.
